Transport use in island states shares many of the same characteristics as other developing countries, but with added complications of geographic isolation and lack of capital for many islanders. This paper examines the influence of the automobile in 45 Small Island Developing States (SIDS), as defined by the United Nations, using multiple regression techniques. Under these cross sectional processes, car based mobility is tested against factors including gross domestic product, population, vehicle ownership, road length, and urbanisation, data for which is obtained from a range of primary and secondary sources for a subset of 38 island states.
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Introduction
Car use -and the economic, social and environmental impact that this activity generates -is rapidly increasing in countries across the world. While much of this expansion is occurring in richer nations, growth in many poorer nations is also taking place and in many cases is becoming increasingly problematic.
Key characteristics of island states
Islands are attractive to researchers because they are detached, self-contained entities with obvious boundaries. From a geographers' perspective, this has long been recognised as a distinct advantage, with islands effectively 'functioning as small-scale spatial laboratories where theories can be tested and processes observed in the setting of a semi-closed system' (King, 1993 and McCall, 1994) . However from the viewpoint of the policy maker on an island state, this is a distinct disadvantage as these 'island systems' already face many of the problems faced by more developed countries, but with less time, experience and resources to devise a solution before the situation becomes critical due to the faster growth of population and the economy (Gakenheimer, 1999) , coupled with a lack of space. Islands have a combination of economic, social/cultural, geographic, climatic and environmental characteristics that distinguish them from larger and landlocked developing countries Kakazu, 1994; Weisser, 2004 , Briguglio, 1995 . The interaction of these island-specific attributes generates a set of development problems that are often very different from those faced by larger countries'. In particular, intrinsic economic constraints have considerable influence on the economic structure and performance of an island. The most obvious limitation that islands have to endure relates to their geographic parameters of smallness and remoteness, as well as the acute outward-looking economic orientation. The combined influences can cause significant economic vulnerability and an inability to pursue economic development without substantial economic support. Finally, the smallness of island states leads to limited capacities both in terms of production and consumption. They are rarely in a position to develop economies of scale and cannot create substantial internal markets, as well as unable to raise large amounts of capital/finance on the home market. In many of these islands there is strong reliance on both aid and external remittances. These characteristics are summarised in Table 1 . Pelling and Uitto (2001) , Lockhart et al (1993) , Conway (1998) , Armstrong and Read (2006) and Slade (1999 , 1998) , obtaining data for the vast majority of these would be problematic and so the focus of this paper has been to look exclusively at the 45 so-called Small Island Developing States (SIDS) as defined by the United Nations (UN, 2003b) . It should be noted that this list includes not only 'islands', but also 'low-lying coastal countries that share similar sustainable development challenges, including small population, lack of resources, remoteness, susceptibility to natural disasters, excessive dependence on international trade and vulnerability to global developments. In addition, they suffer from the similar issues such as lack of economies of scale, high transportation and communication costs, and costly public administration and infrastructure. A further point is that some more developed island nations such as Singapore, Cyprus and the Netherlands Antilles are included in the initial dataset. Some of the SIDS indeed are islands which are connected to the mainland (e.g. Singapore and Bahrain) and thus experience the bridge-effect (Baldacchino, 2005) . This undoubtedly affects overall mobility. Those nations which are connected to the mainland directly (e.g. Belize, Guinea-Bissau, Guyana, Suriname) will also be influenced by their neighbouring countries in terms of mobility. It should also be noted that in some cases the islands are not that small (e.g. Cuba) and that by some monetary frameworks others are probably not strictly 'developing' but rather developed. Nevertheless the SIDS grouping provides useful construct. In this work we attempt to find commonalities based on transport trends and practices. Island specific issues are too diverse to adequately summarise here, thus here only land transport issues are addressed. For full details of some of the issues examined for certain states see the Appendix.
Factors affecting vehicle use
Briefly, there have been a number of studies looking at factors affecting car use across a range of countries. For instance, in a longitudinal review of cars and usage from 1958 to 1980 in 19 (developed) countries, Tanner (1983) finds that 'among the clearest and strongest influences are those of income levels on the number of cars, and of petrol prices on the sizes of cars and hence how much petrol they use.' More directly relevant, as it focuses on less developed countries, Button et al (1993) reviews vehicle ownership and use and finds again there is a strong relationship between car ownership and the rate of economic growth. Fuel price and income were found to be important influences in the short term. The study models vehicle ownership and use in low income countries, but specifically leaves out small island states as 'special circumstances may influence underlying causal relationships'. The paper concludes that at the national level the main independent variable influencing ownership is income, while additional variables include the price of fuel, the level of urbanisation and the degree of industrialisation. Car use depends primarily on the level of vehicle ownership, followed by income, the price of fuel, the degree of urbanisation and the extent of the road network. Also relating to developing countries, Simon (1996) suggests that in addition to per capita income, car ownership levels also depend on factors including country size, infrastructure availability, quality, affordability, availability of public transport services, cultural, social and religious values, state policies, and income distribution within the country being considered. Lastly, Vasconcellos (2001) notes that car use is dependent on income, gender, age, occupation and educational level, and that it is highly influenced by economic and spatial constraints. Thus, Western
Europeans have higher per capita incomes than US citizens and yet they travel less by car, while the wealthy Asian countries have a 20% lower income than the US but travel seven times less by car. Gakenheimer (1999) reports that car ownership is correlated with the top 20% of income earners in developing countries, and also to the percentage of the population in urban areas. It adds that other economic indicators perform very poorly -e.g. private consumption, industrial production, openness of the economy etc.
Transport in Island States
Combining the strands of research into islands and factors influencing car use, it can be seen that research on transport in island states is relatively scarce, and that which does exist tends to be of two types. First, there is some material conducted on the relationships between islands and the rest of the world. For instance, Hoyle (1999) reports on how maritime transport affects the interactions between islands in the Indian Ocean and East Africa, while there is also a body of work connecting SIDS and air transport, economic, environmental and social impacts (e.g. Abeyratne, 1999) . Second, there are several studies conducted on individual islands or groups of islands -e.g. Baguant (1996) and Enoch (2003) investigate transport energy use and policy respectively in Mauritius; Enoch et al (2004) reports on transport policy and emissions in Cuba; while Attard (2005) draws attention to the Maltese transport situation. In addition, there is also a whole raft of articles referring to transport policy in Singapore (e.g. Willoughby, 2001) , which is partly due to the early adoption of transport demand management measures there. Finally, it is useful to report some per capita mobility (km/capita) estimates arising from these and other studies, in order to examine the range of values calculated. Overall though, none of the literature appears to have looked at island states as an entity in order to explore a diverse range of variables on apparent levels of car use.
Aim, objectives and structure
The aim of this paper is to look at a selection of economic, social and geo-demographic data to see how these may influence the level of car-borne mobility in the designated islands. Specifically, the paper seeks to: 1. Identify the variables most often considered to 'explain' car use; 2. Determine the most important factors influencing car use in the SIDS dataset; 3. Compare the 'best' mobility indicators found in the SIDS dataset with those in the rest of the world in order to highlight any significant differences. To do this, the paper is structured as follows. Section 2 outlines the methodology adopted, and then Section 3 reports the findings. Section 4 offers a discussion of the results and conclusions are set out in Section 5. The complete SIDS dataset is presented in the Appendix (Section 6).
Methodology
The first step was to derive mobility values from per diem oil use to form the dependent variable for the regression analysis. This fuel use data was then converted into the mobility values by adapting the socalled ASIF model 1 (see Equation 1). Y mob = F consumed * I fuel economy * (P -1 ) Equation 1: The 'ASIF' calculation process for apparent mobility This dependent variable value is termed 'apparent mobility' in this study (as the fuel data utilised is the 'apparent consumption'). Fuel economy (I) is held constant at 8.56 litres/100 km as consistent with other findings (Heavenrich, 2005; Vasconcellos, 2001; Wright and Fulton, 2005) . The next step was to construct a small islands data set of the 45 SIDS (see Appendix for full set and reduced set). Table 2 links the explanatory variables with the key characteristics of SIDS reported in Table  1 , and references the data sources used. 1 ASIF allocates A to passenger and freight travel, S (travel shares by mode and vehicle type), I (fuel efficiency) and F (fuel use by fuel type and CO 2 emissions per unit fuel use) (Schipper and Marie-Lilluiu, 1999) . The modified ASIF equation shows that (y) mobility (in km per yr -) is approximated by fuel consumed, F, (litre per yr) multiplied by the appropriate fuel economy (I), and finally divided by the entire population (P), to yield mobility on a per capita basis. Mobility in this instance represents just one share (S) of the overall activity (A). GTZ (Metschies, 2003) and internet values (Moore et al, 2006 ). *Note: mobility was derived from apparent consumption of both gasoline and fuel oils; the full method is shown in Footnote 1.
A range of linear multiple least squared regression analysis models -forward, simultaneous, stepwise and backward methods -was then applied (ANOVA) to the data set in extracted from Table 1 . For a fuller description of the methods used, Brace et al (2000) gives an overview.
Results
The regression findings are reported in Table 3 . From this it can be seen that the stepwise model used was significant (see columns 4-5). The standardised coefficients are listed in column 2 (see β) with significance values in column 3 (p). For the model, the number of island states analysed was 38, while the final matrix consisted of 410 data items (see Appendix for further details). Collinearity diagnostics detected a tolerance value of 0.22-0.79 (not presented here). Meanwhile the maximum correlation between coefficients was -0.682 between GDP and vehicles per unit road length and thus the relationships between variables analysed were deemed acceptable (i.e. they were less than 0.8). From the results, GDP is the strongest factor, but in some methods population density and vehicles per road length or vehicles/1000 inhabitants were also strong indicators for apparent mobility.
Overall, the regression model shows that GDP remains as the most useful single indicator (β ~ 0.7), while vehicles/road length (β ~ 0.4) and population density (β ~ -0.4) contributed significantly to the model. The first of these was a composite variable which was designed to indicate a very rough proxy of congestion.
The second variable gives a measure of the impact of space and is notable because the relationship is negative -i.e. mobility is less in more densely populated areas. In the backwards method, population also gives a negative correlation for similar reasons to population density. It is noteworthy that the backwards method, which only adds variables if the model improves in significance, ultimately identifies a full 6 factors of the 11 employed. In all cases the isolation index value (reflecting the degree of geographical separation from neighbouring land forms) was found to be insignificant. Area and the square root of area were also found to be insignificant. Bearing this in mind, Figure 1 depicts the relationship of mobility as a function of wealth, which clearly increases linearly. Specific SIDS cases are labelled and data from lower income-lower mobility is shown as an expanded inset for clarity. Cases are labelled using the International Standards Organisation convention for three letter country codes (see Appendix for codes). Note that the majority of cases lie in the lower and lower-middle income-mobility zone and that high mobility outliers (including US Virgin Islands and NL Antilles), are excluded due to their very high apparent mobility values, which were deemed to be incorrect. This was most likely due to the high use of fuel in these cases for transport not considered here (i.e. agriculturally related, marine, stationary devices, etc). Other (mobility) outliers included Nauru (NRU), Cyprus and Aruba; only NRU is visible on this plot. The plot includes the best fit linear trend line for the 38 island states examined. The R 2 (adjusted) is 0.75 for a best fit line. Relationships dependent on GDP are also observed for the motorisation levels as well as vehicles per road length (see Figure 2 ) and thus (total) CO 2 emissions/person. Many of the SIDS fall below the best fit line especially for those with the lowest incomes.
Single linear trends for mobility, motorisation levels, vehicles/road length as a function of either urbanisation or population density result in very poorly correlated trends and these are not presented here. Figure 2 depicts the composite variable vehicles/road length for each islands case dependent on the GDP of each island (R 2 ~ 0.4), while a similar linear relationship is apparent for motorisation as a function of wealth (R 2 ~0.5). The composite function gives information about vehicle stocks as well as some indication of road network, especially when coupled with island size. As in Figure 1 , an inset (above) has been produced here for clarity as many countries lie within the low motorisation (<50 veh/km) and lower-middle to upper-middle income region. Lastly, the work examines both overall mobility and overall GDP for SIDS compared with 173 other 'non-SIDS' or rest of the world (ROW) nations (see US DOE (2003) for a full list). Table 4 gives the mean wealth and mobility for each of the conventional UN designated income bands. In this calculation only those countries listed below are analysed, due to the reasons discussed in Section 2. Aggregate data analysis shows that while the wealth of SIDS is slightly lower than for the ROW for all cases, the 'apparent mobility gap' is far larger. In other words, both the mean wealth and mobility of citizens on SIDS is less than that for those living in ROW nations. Moreover, when tested using a student's 't-test' these differences are found to be statistically significant at the 95% confidence interval. Looking at a more disaggregated level at the GDP values, it can be seen that for three of the four income bands the mean GDP for SIDS appears to be higher. However, because of the large deviation associated with the mean, when statistically tested it is the case that SIDS are poorer in the lower middle and highest quartiles, while in the other two they show equivalence. Meanwhile the mean mobility values by income band are all lower for SIDS than for ROW, although only the upper middle is statistically significantly different.
Discussion
The study findings show that GDP is the strongest factor, and that vehicles stock indicators (veh/km and veh/1000 population) were also strong, secondary indicators for apparent mobility and this finding has been echoed by others (Gakehiemer, 1999 , Button et al, 1993 , Schafer and Victor, 2000 , albeit for nonisland cases.
Overall the data shows that the small islands have mobility values which are two to three times lower than world values for all income bands, and as an aggregated sub-set, despite the fact that the GDP is roughly the same for the other world countries' bands. The initial set of 41 cases for small islands is indeed less wealthy by a factor of nearly two and less travelled by nearly three times. That set, of 41, had a stronger correlation for mobility as function of wealth (R 2 ~0.52) versus that found for the world set (R 2 ~0.4) but this is probably explained in the very wide variation found in such a large world set (173 cases). This lower apparent mobility can be interpreted partly due to islanders being able to achieve their desired level of mobility with less motorised travel. More specifically for the SIDS dataset, the adjusted R 2 of 0.75 relating mobility to GDP alone is slightly higher than that reported by Gakenheimer (1999) , which instead found that motorisation was correlated with average annual income of top 20% of the population. It would thus seem that economic performance (as measured by GDP) is the dominant explanatory factor of motorised mobility, and it is even more strongly correlated in SIDS than for the ROW nations. Other than GDP, the only other economic indicator of note is vehicles per road length or vehicles per 1000 people -the rest are much less significant, but they provide some useful insights. Looking at the demographic factors, the relationships revealed here show positive correlations with vehicles per road km, or vehicles per 1000 inhabitants, and urban population. This is an indication of both the importance of transport stocks, such as vehicles, but also to access to these vehicles and affordability of fuel and transport costs. A measure of this which was not assessed should include overall costs of transport to users. This could be in real cost terms, or by a proxy such as percentage of GDP due to transport. As stated before the value might be skewed by air transport, thus annual road expenditures per capita may be better for determination of mobility on SIDS. Although not necessarily demographic, an inclusion of public transport, when available, would also be recommended to give a fuller picture of individual mobility. Here, urban population was significant in the modelling and this supports the study's trend which shows that motorisation is positively correlated to urbanisation for twelve low income countries. However, the more strongly negative correlation between population density (which could also be an approximation for urbanisation) and mobility seem to balance this result to some degree. The increased density (or urbanisation level) indicate that within highly populated areas that motorised mobility tends to fall. This matches work by Kenworthy and Laube (1999) even though that study focused more on mobility in cities, and used quite different indicators to represent the degree of urbanisation. Car ownership was also found to be a function of increased urban density for the year 1990 (Kenworthy and Laube, 1999) . In general they found that transit passenger mobility, car use per capita and urban density (in that order) correlated with gross regional product for developed cities, but less well for all cities (i.e. developed plus developing). Also, whereas fuel prices are reported as being a key indicator of car use in Button et al (1993) , they do not appear to be significant in the analysed SIDS dataset. There are probably multiple reasons for this but in part this could be due to the cross sectional approach combined with the relatively poor quality of the data. In attempting to determine whether the particular SIDS-specific characteristics have an impact on 'internal' travel patterns, it could be argued that 'area' is only weakly correlated with mobility (just under half the effect of population density i.e. 0.19 compared with -0.34). A second measure of smallness -road lengthonly becomes significant when combined with the number of vehicles to form a composite variable. Meanwhile, the remoteness (as measured by the isolation index which 'measures' purely distance-based isolation) suggests that in the case of the SIDS, no effect on motorised mobility in this study could be observed. Clearly there are arguments against this theory. For example Abeyratne (1999) points out some of the consequences of those SIDS which have extensive air transport networks and one would expect that SIDS with high air links might have higher apparent mobility levels. This work could not easily though link isolation values with mobility, but further work should consider air connectivity and its impacts. Overall the data shows that the small islands have mobility values which are 1.9 -3 times lower than world values for all income bands, and as an aggregated sub-set, despite the fact that the GDP is roughly the same for the other world countries' bands. The full set of 41 cases for small islands is indeed less wealthy by a factor of 1.6 times and less travelled by 2.9 times. That set, of 41, had a stronger correlation in trendline for mobility as function of wealth (R 2 ~0.52) versus that found for the world set (R 2 ~0.4) but this is probably explained in the very wide variation found in such a large world set (173 cases). Regarding limitations to this work there are two areas in particular worthy of comment when considering mobility values. These values are in Table 5 . (Baguant, 1996) In three cases, (Malta, Cyprus and Singapore) the ASIF calculations were higher than the previous study results, although once the Singapore data is adjusted for its age the difference would probably not be too great. Thus, only the Cyprus calculations are probably significantly different. In the case of Cuba, the ASIF figures are also probably too high given that the official statistics include a very high number of public transport and shared private transport trips thanks to the country's unique transport situation (Enoch et al, 2004) . Lastly, once the age of the data is factored in for the Mauritian case, it is likely that the current 'actual' average mobility there is now far higher than the ASIF estimate. Overall, it could be argued that three cases are fairly reasonable estimates while one is far too high and one is far too low. The following paragraphs examine why this may be the case.
In particular, there is an issue of too much fuel being converted into apparent mobility as a certain amount of fuels are held as stocks, while distillate fuel oil covers a broad range of uses such as agricultural machinery. Here it was assumed that road transport used the majority of this fuel -thus perhaps overestimating per capita motorised mobility. On the other hand, the apparent mobility value does not account for average vehicle occupancies -which are very difficult to obtain for most countries examined here. Therefore, an occupancy of one person per vehicle was assumed, which is obviously much lower than the actual persons/trip made, and so in this way the apparent mobility values calculated will be lower than the actual values. It should also be noted that in the case of many developing states, including some SIDS, other modes to the car -i.e. public transport and powered two wheelers (PTWs) represent a significant modal share of motorised trips and yet are not modelled here due to a lack of suitable data. Similarly, human-powered mobility such as walking and cycling, nor air or sea travel are modelled, although it is recognised that these may be significant. Certainly in the case of island nations sea travel may be very significant, especially for nations which are formed of a number of islands. Given these omissions, it is likely that the actual mobility of many of these countries is somewhat higher than those derived from the study. The second issue concerns the use of such a simplistic model. Here it is argued that the low quality of the data suggests that using more sophisticated techniques would add little to the usefulness of the results, although the use of per capita based variables does reduce potential problems of heteroscedacity which accompany the wide variations in countries' populations, as well as the large spread in GDP (Button et al, 1993) . Others address this issue by only implementing the higher band of individuals countries GDP (Gakenheimer, 1999) on the premise that those persons earning more have greater access to travel, and thus are more mobile. In this case, a survey of transport issues in SIDS is currently being undertaken by the authors to explore the contextual circumstances in more detail.
Conclusions
In conclusion, the factors identified by previous work -both relating to island states and mobility -include population size, degree of urbanisation, area, GDP, road length, vehicle ownership, remoteness and fuel price -which are tested in the model used in the study. From these, it is reported that by far the most significant factor for influencing car use in the SIDS dataset is GDP, in common with the rest of the world. After that, there are two other primary factors -namely vehicle-related and population-related variables. Thus, vehicles per 1000 population, and vehicles per unit road length, population density (inversely) and urban population are significant in at least one of the regression models. Finally, neither fuel price nor degree of isolation/remoteness seems to have on bearing on apparent mobility in this study. When comparing the SIDS results with those of the rest of the world, this study shows that mobility is significantly lower for the SIDS by a factor of nearly two times up to three times, when compared to a much larger set of national data for the rest of the world. This was also found to be true for all four income bands. From an economist's perspective, such a finding may imply a loss of welfare by islanders, although more likely is the fact that people's need or desire to travel is less than elsewhere if or when all available destinations are closer. Wealth, as measured by GDP, is observed to be marginally higher than the rest of the world averages for income bands at the lower end of the spectrum, but they are statistically lower for the highest income band and when aggregated. If these conclusions are applied to policy, more information on the specific contextual conditions evident on each island would really need to be known (hence the current survey alluded to earlier). Indeed, it could be argued that the apparent 'disconnectedness' of islands from other territories and influences has led to some rather extreme outcomes. Thus, Cuba has experienced severe economic pressures for nearly 50 years while the Government of Singapore has capitalised on its own special circumstances to implement a whole raft of innovative yet potentially controversial transport policy measures since the early 1970s. However, there are some tentative hypotheses that can be drawn to be tested in future work. Thus, returning to the intrinsic vulnerabilities of island states set out in Table 1 , the implications would seem to be:
Smallness
• Islands generally see facilities located close to one another.
• Political structures fairly flat vis a vis larger countries, therefore making decision making chains rather more direct. One would suspect that while the first factor would negate the need or demand for travel to some extent, the second may well increase pressure on decision makers to enhance rather than restrict mobility.
Remoteness
• Increased levels of remoteness mean high external transport costs limiting the supply of 'transport' (see later). • It could also mean that the competitive threat from neighbouring jurisdictions (the so-called 'beggar my neighbour policy') is reduced. The implication here would be that introducing potentially unpopular policies to restrict traffic growth may be more politically feasible than elsewhere.
Demographics
• Island populations tend to be concentrated in a limited number of centres.
• Island populations tend to be strongly influenced by rapid population changes.
Together, these trends are likely to exacerbate pressure on land in key locations and thus multiply the externalities caused by the transport system more quickly and more severely than elsewhere.
Economic
• Diseconomies of scale so relatively expensive to provide transport services and to import vehicles, spare parts, fuel and materials for infrastructure development. • Islands are particularly vulnerable to fluctuations in energy prices.
These pressures would seem to lead Island Governments to consider managing mobility through restricting travel demand and or improving alternatives rather earlier than elsewhere.
Appendix
The following tables (A1 to A4) show the datasets for the various countries with units as described in Table  2 . Note that (e) refers to an estimated value while NA signifies that the data was not available. Of the initial 45 SIDS, Niue and Tokelau were not analysed due either to size effects and/or to a lack of data, while the US Virgin Islands, Aruba, Netherlands Antilles and Cyprus were removed following the first round of analysis due to outlier effects. In particular, the total apparent consumption of diesel and petrol was very high for these countries and it was not clear what portion of it was due to land transport. Nauru was also removed on by size and fuel consumption basis. Thus the reduced set of 38 islands was used for all statistical results (for example see Table 3 , and Figures 1 and 2) . However some of the seven islands (which were previously removed) were analysed with respect to wealth and mobility trends in the later analysis as their inclusion did not alter the trendline findings. This is the set of 41 with Aruba, Cyprus and Nauru included (for examples see Table 4 ). It should also be noted that Singapore and Bahrain have land bridges and this affects mobility values; Belize, Guinea-Bissau, Guyana and Suriname also have direct connections to their neighbouring states. A connected neighbour also applies to Haiti and Dominican Republic. In all cases the mobility values here have not been corrected for land bridges, etc. 
